Transarterial chemotherapy has shown its efficacy in local tumour control and in improving quality of life, symptomatic control and survival time in hepatic malignancies. We intend to provide an overview of the techniques, indications and results of transarterial chemoembolisation (TACE) of hepatic colorectal metastases. This treatment approach is performed in symptomatic, palliative, adjuvant and potentially curative intentions. The most recent studies, including TACE of colorectal liver metastases, will be presented and discussed. However, variations of inclusion criteria and treatment regimens used in the different studies led to a discrepancy in the results. The overall median survival is between nine and 62 months and the morphological response is between 14 and 76%. The future role of this therapy will also be discussed in this article.
The liver may be the only metastatic site in patients with colorectal carcinoma. Liver metastases can be found in up to 80% of these patients; up to 50% of these cases are identified at primary presentation. 1, 2 Surgical resection is the standard curative treatment, but fewer than 20% of patients are candidates for this surgery. Recent series have shown five-year survival rates of 25-37% and 10-year survival rates of 20-22%. Recurrences are encountered in 65-80% of patients, and 50% of these occur in the liver. 3 Systemic chemotherapy has been the standard treatment in patients with unresectable and/or extrahepatic spread for over 40 years. Treatment with 5-fluorouracil (5-FU) resulted in a response rate of 20% and a two-year survival rate of 20%. Adding irinotecan or oxaliplatin to 5-FU-based regimens resulted in superior response rates (40-57%) and longer median survival times (15-20 months), [3] [4] [5] [6] whereas irinotecan and capecitabine yielded tumour control in 61% of patients. 7 Alternative treatment options have been investigated to improve outcomes in patients with metastatic colorectal cancer. One of these treatment options is percutaneous local tumour destruction utilising radiofrequency ablation (RFA), laser-induced thermotherapy (LITT), cryotherapy, microwave therapy or percutaneous alcohol injection. 8 In the largest published patient series so far, LITT was performed in 603 patients with liver metastases. The one-, two-, three-and five-year survival rates were 94, 77, 56 and 37%, respectively, while the median survival was 3.5 years. 9 RFA showed a three-year survival rate of 47% in 117 patients with liver metastases. 10 The overall morbidity of such procedures ranges between 0.1 and 2.5%, and the mortality rate is less than 1%. 8 Another treatment option is the transarterial administration of chemotherapeutic agents, either alone as a hepatic arterial infusion (HAI) or combined with vascular embolising material (TACE). Bland vascular embolisation (TAE) can also be applied.
Transarterial Chemoembolisation

Indications
Systemic chemotherapy with 5-FU, leucovorin and oxaliplatin (FOLFOX) or Xeloda ® plus oxaliplatin (XELOX) should be used in patients with potentially resectable liver metastases. TACE can be performed as a neoadjuvant therapeutic regimen aiming at reducing lesion size and thus making surgery or thermal ablation feasible. In this way, non-resectable lesions can be converted to resectable ones. On the other hand, it can be used as a palliative measure in cases of extrahepatic spread or post-surgical recurrence, or as a symptomatic treatment, for example in cases of hormone-secreting metastases or painful capsular invasion. The contraindications to this therapy are operability, extensive liver involvement (more than 75%), liver insufficiency, myelodepression and brain metastases. Portal vein occlusion is considered to be a relative contraindication. Patients with a tumour involvement of more than 75% of the liver may not benefit from TACE due to the development of major complications, whereas patients with a tumour burden of less than 50% and higher (>50%) lipiodol uptake show a trend towards longer survival. 11, 12 Hence, significant liver toxicity can be a limiting factor that compromises the safety of such a procedure. 13 Extrahepatic metastases are a known limitation to the use of TACE. The extent of liver involvement by metastatic lesions can be another limitation.
Technique and Complications
Embolising agents used in TACE can have either a temporary effect (usually microspheres, degradable starch microspheres [DSM] and Gelatine sponge) or a permanent effect (polvinyl alcohol). Lipiodol, in addition to its microvascular occlusive effect, has a special affinity to be uptaken and retained by hepatic tumour cells. Thus, when it is emulsified with cytotoxic drugs it significantly enhances their effect. 14 There are several chemotherapeutic agents used in TACE. Mitomycin C (Medac, Hamburg, Germany) is the most consistently applied agent, and is usually administered as an emulsion with lipiodol due to its high local effectiveness. After sterile preparation, a 4-5F sheath is
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Results
TACE treatment of colorectal cancer metastases was evaluated in several studies, the results of which are shown in Table 1 and Figures 1-3 Transarterial embolisation without cytotoxic drugs can achieve equally satisfactory results. 17, 18 Three randomised controlled trials elaborated on this point by comparing TACE and TAE in colorectal liver metastases. Patients were randomised to either TACE or TAE. There was a slightly higher median survival in the TACE arm that did not reach statistical significance. No statistically significant difference between the two arms was noted in local tumour response. [19] [20] [21] Thus, the main limiting factor to the use of embolisation is the extent of liver involvement, which defines the possible degree of vascular compromise. In bilobar extensive lesions, hepatic artery infusion is more feasible. In more localised lesions it would be useful to add embolisation to regional chemotherapy in order to achieve a better outcome, especially in cases of hypervascular metastases as renal cell 
Figure 3: Magnetic Resonance Imaging Axial T1-weighted Image of the Liver
A: Magnetic resonance imaging (MRI) axial T1-weighted image of the liver showing a colorectal metastatic lesion of the right lobe (arrow) B: Post-treatment MRI. Some decrease in size was noted, but this decrease was less than 50%, and thus this case was categorised as stable disease according to Response Evaluation Criteria In Solid Tumours (RECIST).
Discussion
The available data allow us to draw some important conclusions. The median survival rate observed in colorectal metastases in most studies using regional chemotherapy ranges between 28 and 46 months and is lower than that achieved by surgical resection. 22 A possible explanation is that surgical patients have more favourable liver and general condition, and that earlier tumour stages are assigned to surgery. A small percentage of patients are eligible for surgery and a high recurrence rate is expected, as mentioned earlier. 3, 22 Besides, operative morbidity and mortality can reach up to 39 and 5%, respectively. 22 However, instead of comparing the advantages and disadvantages of TACE and surgery, we should discuss their complementary and supplementary roles. TACE increases the possibility of surgery, improves its outcome and can be used when surgery is not possible or not successful. In inoperable patients, TACE and percutaneous ablation can have a similar outcome. TACE achieves downsizing of metastases so that patients become eligible for thermal ablation. 23, 24 If the metastasis progresses beyond the inclusion criteria for ablation, TACE can provide an alternative. We applied this combined approach to 162 patients with metastatic lesions larger than 5cm. A significant decrease in lesion size was achieved in 82 patients, who were then shifted to image-guided laser ablation. In cases of disease progression, TACE was continued or systemic chemotherapy was applied. 25 Systemic and transarterial chemotherapy can be applied simultaneously or can replace one another. Systemic treatment is required if extrahepatic metastases are present. As seen in Table 1 , the results achieved by TACE regarding response rate and median survival times can surpass those of systemic chemotherapy, as mentioned earlier, and can also avoid the systemic side effects of the latter. 3, 26 We can safely assume that the effectiveness of the various embolising materials and cytotoxic drugs was not adequately compared in the studies available due to the difference in primary tumours, treatment regimens, doses and intra-or extra-hepatic extent of the metastases in different studies. This can be performed in a series of dedicated randomised trials using two or more agents to avoid selection bias and to limit the influence of any confounding factors. This will provide a more comprehensive and accurate view of the most effective treatment combinations.
Conclusion
Regional chemoembolisation of liver metastases in colorectal cancer is an effective symptomatic and palliative treatment. More research and work must be directed towards the prospective analysis of its neoadjuvant and curative role. ■
